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ANALYSIS OF THE Np(IV) OXALATE SEMI-CONTINUOUS
PRECIPITATION PROCESS

INTRODUCTION

The neptunium recovered in 200 Area proce351ng is precipitated
as Np(IV) oxalate, then the Np{IV) oxalate is calcined to NpO,.
The NpO, is blended with aluminum powder, and the blend fabrlcated
into target elements for reactor irradiation to produce 238py, The
precipitation step is critical to this processing sequence - the
Np(IV) oxalate should filter well, should have a low solubility to
minimize losses, recycle, etc., and should calcine to yield a NpO,
product with an acceptable particle size range and distribution to

Abed Tar pidle o A3 TS
bleﬂd satLbfabtULLLy with puwuctuu d.J.LllLlJ.uU.l-ll.

In a previous letter,! a semi-continuous, multistage precipi-
tation flowsheet was recommended for Phase II of the new HB-Line.
A multistage precipitation system offers the flexibility needed to
control neptunium oxide characteristics through any future varia-

- tions in neptunium feed streams and/or fuel fabrication conditions
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(different fuel loadings, aluminum blending powder uniformity
requirements, etc.). Precipitation of Np(IV) oxalate would take
place in three stages: a premixer step, to produce nuclei for
subsequent crystal growth; a bulk precipitation step, where the
nuclei grow essentially to the desired particle size; and a final
digestion step to complete the precipitation and reduce loss to the
filtrate. Concentrations, flow rates, and residence times in the
first two steps must be accurately controlled to give a specified
product.

This report contains a detailed analysis of the process
variables that led to the development of the proposed flowsheet.!
This analysis can be utilized for selection of equipment sizes,
instrument ranges, and other process requirements. The process
equipment, streams, etc., are shown in Figure 1.

SUMMARY

A mathematical model was developed for a three-stage precipi-
tation process for neptunium(IV) oxalate to relate equipment
requirements to process variables. Process operating conditions
were chosen over reasonable maximum and minimum ranges to define
vessel sizes, instrument ranges, and other control ranges. The
schematic flow diagram is shown in Figure 1; a set of sample f£low—
sheet values, utilized for design purposes, is given in Table 1.

DISCUSSION
General

The analysis reported here was undertaken to provide a basis
for equipment sizes and instrumentation requirements for precipi-
tation equipment for the new H-Area B-Line. Laboratory studies
(in progress) will define the actual operating conditions neces-
sary to produce NpQO, with a given specified particle size range
and morphology. This analysis arbitrarily chooses conditions that
require maximum equipment sizes and instrumentation ranges, to
ensure that any later flowsheet requirements can be met.

The solubility of Np(IV) oxalate is a function of the free
oxalate ion in solution, which in turn depends on the ratio
[H2C20q]/[HN03]2 in mixed oxalic acid-nitric acid solutions
because oxalic acid is a weak acid.? The Np{IV) solubility in
these mixed solutions is given in Figure 2 as a function of the
above ratio, designated Rg. The precipitation is assumed to be
made in the oxalate~rich solubility region (Rg; »0.02, right side
of Figure 2), where the high oxalate, dilute nitric system results
in maximum precipitator volume.. From the stoichiometry of the
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precipitation reaction and from material balance in each of the

precipitation steps, a mathematical model of the semi-continuous

precipitation process is developed to aid in calculating flow
rates and necessary feed concentrations.

Premixer

The premixer handles a fraction of the main neptunium stream
and operates in the region of lowest solubility to produce crystal
nuclei that subsequently will grow in size in the primary precipi-
tator. Two streams [neptunium(IV) nitrate (Stream 1A), and oxalic
acid (Stream 2)] enter the premixer. The premixer is assumed to
have a very small residence volume and short residence time and
will process no more than ten percent (10%) of the total neptunium
stream. The effluent from the premixer (Stream 3) flows into the
primary precipitator. From the precipitation reaction

Np(NO,}, + 2 H,C,0, + Np(C,0,), + & HNO, (1)

and a material balance for the streams flowing into the premixer,
Equation 2 can be derived (see Appendix I for the derivatiom).

This equation gives the relation between solution concentrations
and flow rates to establish solubility conditions favorable for the
generation of neptunium oxalate crystal nuclei.

V]

Vialmo,] . + ¥, [mN05], + G[Np*H]y, Vi

(RS)PM

Vo 7 V1A

(2)

v, [ﬁzczou]z - 2 V[Nt

V2 + VlA

In Equation 2, V is the flow rate of a process stream, the
bracketed chemlcal symbols are wmolar concentrations, and Ry is
the parameter [H,C,0,}/{HNO,]? which determines the SOlublllty of
neptunium. The subscripts e.g., the subscrlpt "1A" in VIA)
refer to a feed stream from Figure 1.

Jith all other parameters specified Equation 2 can be solved
for V,, the flow rate of the oxalic acid precipitant. Table 2
shows values for V2 for (Rglpy = 0.08 (a point of low Np
solubility), for cold feed HNO 4 concentrations of 0, 1, and
2M HNO; and 0.2 to 1.0M HZCZOh, and at a specified neptunlum feed
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rate (GlA) of 0.03 L/m. These values are shown graphically
in Figure 3. For normal operation, the oxalic acid precipitant

~ will be 0.9M with low nitric acid concentration. It was therefore
recommended that the instrumentation measuring range be 0.01-0.3

L/min, (as indicated in Reference 1),

With the selection of a different control point for neptunium
solubility in the premixer, the new value of R; would result in a
new set of values for Table 2, However, the solubility parameter
values selected, (Rglpy = 0.08, represents an oxalate-rich system
that is regarded as a reasona_l estimate of an upper operating limit
for the premixer.

Primary Precipitator

The primary precipitator is a 4-liter vessel, designed to
provide optimum mixing conditions for the semi-continuous precipi-
tation of 900 gram of Np{(IV} oxalate. The vessel size was
selected to give a mean residence time (T) in the range-of 3 to 7
min. See Table 4., The precipitator is seeded with Np(IV) oxalate
nuclei from the premixer, and operating conditions are selected in
a region of moderate solubility to promote and control growth on

- these nuclei. The effluent from the premixer (Stream 3), the main
feed of neptunium nitrate solution (Stream 1B), and oxalic acid
(Stream 8) flow into the primary precipitator. The primary pre-

. cipitator overflows into the secondary precipitator (via Stream 4).

From material balance, Equation 3 is derived {see Appendix II
for the derivation).

V3lHp0,0,]5 + Ga[Hzczou]e -2 GlB[NP+"]13 =

V3 + VlB + V8

(3)

2
(R)p; VyplHNO; ] 5 + Vg[HNO; ] + V4[mmo,], a[Np**] 15 Vip

V3 + V8 + V

iB

As before, each v represents a flow rate, the bracketed
formulas are molar concentratlons, and Rg; is the neptunium solu-
bility parameter [ H,C,0, ]/[HNO ] . The subscripts indicate the

stream numbers from Figure 1.
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From Equation 3, GB’ the oxalic/nitric acid flow rate to
the primary precipitator, can be determined for specified values of
Rg. Values of Vg were calculated with this feed stream
containing HNO; concentrations of 0 and 0.5M and H,C,0, concentra-
tions of 0.1 to IM. The results are shown in Table 3 and 4, and
Figures 4 and 5. It was therefore recommended that the instru-
mentation measuring range be 0.05 - 1.0 L/min (indicated in
Reference 1). Table 4 shows required Vg values for other
probable oxalate-rich solubility operating conditions.

Table 4 shows the calculated mean residence times (1) in the
primary precipitator for a range of Rg values from 0.1 to 2.0 and
the influence of oxalic and nitric acid concentrations upon flow
rates into the primary precipitator. These results are shown graphi-~
cally in Figures & and 7.

The mean residence time required in the primary precipitator is
determined by selecting the appropriate oxalic/nitric acid feed
composition, i.e. flow rate. The time-dependent values for
[HN03]p1 and [gzczog]Plnwere.calculated from the following
equations, derived in Appendix II.

V!t

Vp1

1 = exp =

where, in addition to symbols previously described, Vpi 33 the
residence volume of the primary precipitator, and tHNOs]Pl and
[H,C,0,]p] are the initial nitric and oxalic acid concentrations
in the primary precipitator, respectively.

Similarly, the oxalic acid concentrations is given by

V.t
[H;6,0,] = [H,C,0,]8) exp - ;&I *
P
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V3lHpCp0, )3 + Vg|HpCo0,]g = 2 Vyg|Np "[15 |
. (5)
Yy
v, t
1 — exp —( —=
Vp1
where Vq = VlB + V. + V8

The steady-state values for nitric and oxalic acid can be
obtained from these equations by allowing the time (t) to be very
large so that the exp (- V, t/Vp 3 = 0. The appgoach to steady-
state for (Rg)p; = 1.0, [Hzczoqﬁpl = OM, [HN033P1 = 0.74
vV, = 1.27 L/m is shown in Figure 8

Crystal nucleation and growth rates are strong functions of
the degree of supersaturation. The primary precipitator is designed
to operate with an appreciable degree of supersaturation, defined as
the instantaneous percentage of neptunium(IV) in solution above the
equilibrium solubility.3:%,% The degree of supersaturation can
be calculated by Equation & as found in Reference 5.

IMC EQ.
ot - [Npth
[Np ]Pl [Np ]Pl
$® = (100) (6)
I
L

The results of this calculation are shown in Figure 9, and were
obtained by combining Equation 6 with Equation 36 in Appendix II.
Figure 9 shows that within seconds, an appreciable degree of
supersaturation is obtained providing a good driving force for
crystal nucleation and growth,

Secondary Precipitator

In the secondary precipitator, cold feeds are added to reach
the minimum solubility conditions for Np(IV) oxalate so that losses
to the filtrate will be low. The flow rates of these feeds are not
critical when the system is operated in the semicontinuocus mode,
since only the solubility adjustment is performed. However, the
flow rate ranges specified in Reference 1 were set to allow opera-
tion of the secondary precipitator in the batch mode. In the semi-
continuous mode, the adjustment streams may be added simultaneously
with the overflow from the primary precipitator, or to the entire
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batch at the end of the normal precipitation run. The final solu-
tion concentrations are shown on the flowsheet material balance
(Table 1). The equations used to calculate the required volume of
the solubility adjustment feed solution, are derived in Appendix
III. Concentrations for the solubility adjustment solutions must
be carefully selected depending upon whether the precipitation is

in the oxalate rich or lean solubility region,
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TABLE 1

Representative Flowshseet, Steady~State Values

o l[{mxloaj, [!lnzczo.w,], IENp'“’], }[{NP(CZOH]ZJ; b[fsﬂaot;], E}.!?;fn‘&ate (0,
1A 2 0 0.21 0 0.042 0.03

1B 2 0 0.21 0 0.042 0.3

2 0 0.9 0 0 0 0.03

3 1.52 0.19 2.95 x 10‘5 0.113 0.02 0.06

4 0.74 0.55 1.22 x 107  0.055 0.0i1 1.27

6 3.05 0.45 2.53 x 1075 0.043 0.009 Vacuum trans.
7 14,0 0 0 0 0 1.0%

8 0 0.9 0 0 0 0.91

10 1.0 0.05 0 0 0 10, 0%

* To be added at I L/min for 17 min after Pl is emptied into P2

*% Total volume added (liters)

NOTES:

Total volumetric throughput/batch =

Cycle time/batch = 60 minutes = ¢,

Basis for flowsheet = 1000 gr Np237

97.2 liters
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TABLE 2

Oxalic Acid Feed Flowrate to Premixer for Various Oxalic Acid
and Nitric Acid Concentrations

(RS)PM = 0.08

[B], = oM (], = 1.0 ], = 2.0m

(8], 9., (8], V. [B],, V.,

(M) (L/m) (M) (L/m) (M) (L/m)
0.2 0.098 0.2 ° 0.232 0.2 52.338
0.3 0.070 0.3 0.129 0.3 9.793
0.4 0.055 0.4 0.091 0.4 0.429
0.6 0.040 0.6 0.057 0.6 0.122
0.8 0.031 0.8 0.042 0.8 0.072
0.9 0.029 1.0 0.034 1.0 0.051

1.0 0.026
where: [HN03] z [H]

(H,C,0,] = [B]




TABLE 3

Oxalic Acid Feed Flow Rate to Primary Precipitator for Various
Oxalic and Nitric Acid Concentrations

(RS)PI = 1.0

(H]g = oM [H]g = 0.5M
{Bjas ﬁss [Bjeg ﬁa:

{ (L/m) (M) (L/m)

0.1 3.47 0.1 o
0.2 2.273 0.2 =
0.3 1.778 0.3 o
0.4 1.494 0.4 o
0.6 1,168 0.6 3.241
G.8 0.979 0.8 2.185
0.9 0.91 0.9 1.894

1.0 0,853 1.0 1.678




TABLE 4

Influence of Solubility Parameter on Oxalic Acid Feed Flow Hate and
Mean Residence Time for the Primary Precipitator

SREC [Blg, [H]g, Vs, Vg, [2],, [Bl,, LCALC Yy, .
s (M) (M) (L/m) (L/m) (M) (M) (L/m) T (min)
0.1 0.9 0 0.062 0.282 1.47  0.22 0.1 0.644 6.2
0.2 0.9 0 0.062 0.392 1.26 0.32 0.2 0.754 5.3
0.4 0.9 0 0.062 0.560 1.03  0.42 0.4 0.922 4.3
0.6 0.9 0 0.062 0,694 0.897 0.480 0.6 1.171 3.4
0.8 0.9 -0 0.062 0.809 0.8  0.52 0.8 1,171 3.4
1.0 0.9 0 0.062 0,911 0.744 0.55 1.0 1.273 3.1
1.5 0.9 0 0.062 1.13  0.64 0.6l 1.5 1.492 2.7
2.0 0.9 0 0.062 1,32 0.57 0.64 2.0 1.678 2.4
0.1 0.9 0.5 0.062 0.326 1.62  0.26 0.1 0.688 5.8
0.2 0.9 0.5 0.062 0,498 1.39  0.39 0.2 0.860 4.7
0.4 0.9 0.5 0.062 0.820 1.15 0.53 0.4 1.182 3.4
0.8 0.9 0.5 0.062 1.503 0.91  0.67 0.8 1.865 2.1
1.0 0.9 0.5 0.062 1.895 0.84 0.71 1.0 2.257 1.8
1.5 0.9 0.5 0.062 3.145 0.72 0,78 1.5 . 3.507 1.1
2.0 0.9 0.5 0.062 5,108 0.64 0.82 2.0 5.470  0.73
0.1 0.6 0 0.062 0.390 1.26 0.16 0.1 0.752 5.3
0.2 0.6 0 0.062 0.527 1.07  0.23 0.2 0.889 4.5
0.4 0.6 0 0.062 0.736 - 0.8  0.29 0.4 1.098 3.6
0.8 0.6 0 0.062 1,043 0.67 0.36 0.8 1.405 2.8
1.0 0.6 0 0.062 1.168 0.62 0.38 1.0 1.53 2.6
1.5 0.6 0 0.062 1.438 0.53 0.41 1.5 1.8 2.2
2.0 0.6 0 0.062 1,666 0.47  0.44 2.0 2.028 1.9




TABLE 4 (continued)

SREC  [B]g, [H]g, V¥, Vg, [H],, [Blys CALC V,,

Rs (M) (M) (L/m)  (L/m) (M) () Rg (L/m) 1 (min)
0.1 0.6 0.5 0.062 0.471 1,418 0.20 0.1 0.833 4.8

0.2 0.6 0.5 0.062 0.718 1.208 0.292 0.2 1.08 3.7
0.4 0.6 0.5 0.062 1.213 0.986 0.389 0.4 1.575 2.54
0.8 0.6 0.5 0.062 2,423 0.775 0.480 0.8 2.785 1.44
1.0 0.6 0.5 0.062 3.242 0.712 0.507 1.0 3.604 1.11
1.5 0.6 0.5 0.062 6.773 0.607 0.553 1.5 7.135 0.56
2.0 0.6 0.5 0.062 18.897 0.539 0.582 2.0 19.259 0.20




DESCRIPTION OF ABBREVIATIONS IN FIGURE 1

Item Description

PM Premixer

Pl Primary Precipitator

P2 Secondary Precipitator

1A Actinide Feed Stream to Premixer

iB Actinide Feed Stream to Primary Precipitator

1c Actinide Feed Stream to Secondary Precipitator

2 Oxalic/Nitric Acid Feed to Premixer (Cold. Feed #1))

3 Discharge from Premixer to Primary Precipitator

4 Discharge Overflow from Primary to Secondary Precipitator

5 Decant Stream of Primary to Seceondary Precipitator

6 Transfer from Secondary Precipitator to Filter Station

7 Oxalic/Nitric Acid Feed to Secondary Precipitator (Cold Feed #2)
8 Oxalic/Nitric Acid Feed to Primary Precipitator (Cold Feed #2)
9 Filtrate Discharge to Catch Tank

104 Wash Solution to Secondary Precipitator

108 Wash Solution to Filter Station

il Flush Solution to Premixer
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FIGURE 4

0XALIC ACID FEED TO PRIMARY PRECIPITATOR
FLOW RATE VERSUS CONCENTRRTION

TS0i4/80X% LDG2/ TELL-R-GAAF

(mole/Liter)

OXALIC ACID CONCENTRATION

A ra

0.

1

V8

i
(Liter/muinute)

| T
, R
s.1] Legend U \
& HNO3 concen. = O m \ q\\
7T X HNO3 concen. = 0.5 m \& \\
N
Rs = 1.0 ﬂ\ “\\
Ve = 0.029 L/mun
V3 = 0.062 L/min \\
: ﬁ\\ <
N\
\&\\
R
0

10




("uTw/u811) gA

00T 01 T 1'0
. i eV . w
v
W9'0 - p023ZH W §°0= outo LoNH ® /
- W 9°0 - ¥0232H W O ="0uda ¢ONH O {
W6'0 = ¥0202H W S'0 ='ouod goNH X | \ ) \
i W 6°0-F020ZH W 0=-"0063 ¢ONH ¥ [ a\ k: ;\
- pueban AT
- A
LAY
/7
T~ A
Pl Al
h 5]
\\J\
L1
\\LW\ \vA \
ﬂ_\\ 5
h Iy

JOLBLIAIO38d X¥UWINd JHL 01
dl8d MO14 0334 QI34 JI17WX0
SNSUIA ¥ILIWBYHL X11719N70S

5 J¥N9Ld

1°0

1}

SY




o

] 2
= 1,00, 1/ 1IN0 ]

’ "FIGURE 6
PRlGARY PRECIPITATON: DISCIARSE FLOY RATE 4D :
RESIDE ICE TIAE VERSIS SALL3ILITY 2ARATETER i

[y e P T

T (min.) . "
: - 5. 0 ;

T —— — X ST YTTr e M ’l
9. = oo COLD FEED COMPOSITION
5 == = == I0_PRIMARY PRECIPITATOR
7 ; =i

<>[on3]3 =0 M, [Ha 2 4]3 =0.8 M
= (:)[n.\zos]8 =0.5 M, [H,C

=0.9 ¥
2620 Jg 0.2 ¥

(7]

k) =f
<. LY
o ¥ X RCE
_—— g T — 1 4
T = 7 %
~ ] y —— =
T — = \
o — e % =
T s i
i =t T - s el ¢ r
T T - i : —F 77X 1 1
: 1 = Fi o) pati— Y —
t T " > i ~ s \, T " —
— - T T + 1 T 1 = z Y T j
1 T T =1 T A N S T
] : = p— A TS s
9'7 = £ R
8 T - 2
. Y 7 A =3 Sl
.y & r = + x
2 L7 = i X
. Z T
i/ v 7= s t b vk B
ya T :
7 5 St
.t pa
—

1 3.5 1.9 5.1 19
V? (LITER/MIN)

[ T R

FIGURE 9




FIGURE 7
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APPENDIX I

Material Balance For [HN03] In The Premixer

let [H] = [HNO,]

d (M)
- _ L) - - H/PM
Assuming no (minimal) accumulatiom:

) (iy); - Gy, + () = 0

Converting the process stream molar flow rates into parameters

. PR | ——— 1 -
agssociatea with ¢

3 [Hlp, Uy, + (8], ¥y - (Blgfs + 40 O], ¥y, = 0

» - 4 [ ]
_ Vo (Bl , + VoIH], + 4. [N T4, ¥
4) [H]PM = [H]3 = 1A 1A 2 2 p 1A "1A

Vo, + V
2 1A
Mo nhnwra mecimbsam smmnneldsn 1 F Flhn memmiwvam 260 nooemad .
1S avuve cqudLLU L LEdDULLD Ll LELET PL CliuLaAaACL ilio 4aosoulcu L
operate at an ideally instantaneous mixed condition.

Material Balance For [H,C.,0,] In The Premixer

let {B] = [H,C,0,]

. . . d(Mg)
5) G - O, - Uigdpey = —qr

Assume no accumulation in premixer
[] » - [] _ » +4 =
6)  VialBly, + Vy[Bly - V3[Bly = 2 Vi, [N "], = 0
Assuming [B]lA = 0
and that the premixer operates at ideally mixed conditions
L4 - +4
_VolBly =2 Vi, (N T1ha

V2 + VlA

7) [Blﬂu = lBl'!
2

g

The solubility of neptunium{IV) in nitric and oxalic acid
solutions is expressed in terms of the solubility parameter,
Rg = [HZCZOH]/[HNos]Z, which is temperature dependent.




Rearranging the solubility parameter:

8)  [H,0,0,] = Ry [HNO;]2
Relating equations &4, 7, and 8 we find:

n

Te . +4 . 2
Vio[Hlyy + Vo [H], + 4[N T(, ¥

1A 1A 2 2 1A “1A)
& (RS)P“ v - i

2 ¥ V14

L) - +4
ValBly = 2 Wy, [N "],

Vg + Vi

N . L)
The above equation 1is used to solve for V, when all other
parameters are known or specified.




APPENDIX I1

Material Balance for [HN03] In Pl

let [H] = [HNO,4]

d{My)
- - - - = H Pl
1 M)y - M)+ (MH)gen —
Relating process stream molar flow rates to process
parameters:
. . . . . d (vpy [Hlpy)
1) Vyglilyy + V4lHly + VglR) - ¥, 10, + & le{Np+4]lB - P;t Pl
assuming: [H], = [H]
Pl
VPl = constant
. [ - - - +4 " d[H]P]_
3 Vyplilyg + V3lHlg + Vg [Hlg = V4 [Hlp) + 4 ViV, hp = Vpy —0
Rearranging -
* - . - - +4
sy SMHlpy - Vu(H]py _ Vyp [Hlyp + Vg [Hlg + V3 [Hly + & V3N, 7yp
dt v

Pl V1

The equation given above is a first order linear nonhomogeneous

differential equation.

At this point it is convenient to make substitutions to integrate

the equation.

5)

6)

let Wy = GQ/YPI = constant

. - [} - +4
Vig (Bl + Vg [Hlg + V3 [Hl3 + 4 Vg [N "7]yp

I

let WZ
Vp1




W, = constant

7 X = [H}Pl = £(t)
therefore

8) X4+ uy=w
it 1X 2

Use an integrating factor to solve equation (8).

let ¢ = integrating factor

9) AX + oW, x = oW
o P 1 W,

10) if ¢ Wy = d¢/dt
then

1) ¢ 9X + X480 = gy,
dt dt

Equation (11) is useful since it reduces to the following form
12) ¢ %L + xd¢/de = d (xp)/dt = Wy
t
From Equation (10) the integrating factor canm be defined
13) d¢/dt = ¢ W,
d¢ -
14) o = Wydt

integrating we find

dd _ -
15) ;?. —fwldt = u fat

16) &n ¢ = Wyt




17) ¢ = exp (W,t}; integ. const. not necessary since it would be
factored out in Equation 9,

Equating (17) and (9)

18) %l exp (Wyt) + Wyx exp (Wit) = W, exp (W;t)
t

Recognizing that Equation (18) is of the form

d[exp(wyt) ]

dt

d
19) %X (Wyt) + = W (Wyt)
— exp (W, X 5 exp (W,

¥+

Equation (19) reduces to the form:

d[x exp(Wlt)]

20) = W, exp (W t)
21) 4y exp(wlt)] = W, exp(W;t) dt
22) df (x exp(Wlt)] = | Wy exp(W;t) dt

W
23) x exp(Wyt) = ﬁg exp(W;t) + |
1

where: K] = constant of integration

From the initial conditions

24) X =x, = [H]gl @t =20

W
25) X = ﬁi exp(Wl(o)) + Ky
1




W
27) x exp(Wjt) = -‘/-J'l exp(W t) + (x, - Wp/W;p)
1

W
28) x = Wo/Wp X, exp(-W t) - 'ﬁz exp(-W,t)
1

w2
29) x = x, exp(-W;t) + = i - exp(—Wlt]

1

Resubstituting original parameters

) - - ] L) +4
o v, t V,.lH] + VoH]g + Va[Hl + & V[N 7]
30) [H]Pl = [H]Pl exp - 4 + 1B 1B 8 8 - 3 3 1B P
- Vey Vg
v, t
l-exp - pC
Vpi

Equation (30) now expressed [H]p) as a function of time.

Material Balance for [HC704] in Pl

Let [Blp) = [HpCo04)p1, (M)

v . . d(My)
31) (Mgl - (Mg, = (Mpdgyy = d? =

- - - » - d v [B]
32) VIB[BIIB + VB[B]B + v3t313 - Vh[Bla - 2 le{NpllB = ( Pldt PlJ

Assume [Bl;g = 0, [Bl; = [Blp), Vpj = constant

Performing similar mathematical manipulation for Equation (32) as
for Equation (2), the following equation results:




APPENDIX III

Material Balance for [HNO3] in P2
Let H = HNO3

+4 5
V7[H]7 + [H]4 V, to * vPl[H]Pl + 4[Np ]4 (vA £+ VPI)

*

V4 t

1) [H]PZ =

c + VP1 + V7

Mat. Balance for [H2C204] in P2

- 4 L)
o _V5[Bly + [Bl, ¥, £, + VpyBl, - 208,71, (Y, £, + vpy)
2) [B]PZ = "
Vy te ¥ Vpy * vy
knowing R_ = 18]
S [H)Z
v, [HNO;] + [HNO3l, ¥, to + Vpy[HNOglpy + 4IN 41, (¥, € + 2
D R+ |2 NO3] + [HNO3l, V, £, + Vpy[HNO3lpy + 4[N ™71, (Vj £, + Vpy]
- 7 \A\sl "
[ Vo te * Vpp Yy J
+4 - ]
- [V?[Hzczoah + [HpCh0,] Vg £ + Vi [HyC50,] = 218,71y (V) € + V)
1_ Vo tc * Vp1 * Yy J
where: t_ = cycle time of process, 60 min




» . L] +a
V3lBly + VgiBlg - 2 Vi [N, ")y

Vs

33) [B]Pl = [B];l exp - (64t/vpl] +

[1 - exp - (Ght/vPl]

L N /1

where [Blp, = [Blp, @t =0

i.e., the initial concentration of oxalic acid in Pl prior to
precipitation.

Material Balance for {Nplp; in Pl

. d(My )
’ v = SYWNp/P1
34) (an)i - (MNpJo - (MNp)RXN = ~—j;§“-

For the analysis of [Nplp; it is beneficial to examine the
case of the instantaneous mixed condition (IMC). The instantaneous
mixed condition represents the system conditions prior to precipita-

Culla L LI =3 LEA UL R S

tion,

The instantaneous mixed condition is present during an infini-
tisimal period of time.

4 4, d(vpiIng*1p))

1, =

. +4 . +4 . - +
35) V].A[Np ]lA + V3[Np ]3 + VB[NP ]8 - V4[Np

dat
(¥, *1p =0@t =0

Assuming: [N

+

B~
£

|

+4

negligible

the following equation results




I
36) [N lmil_li_[.’iLll_!iﬂ_gx

(v, e |

In the case of the oxalate material balance (Equatlon 33) it
was essential to consider the consumption of oxalate ion (C Oq'z)
by the precipitation reaction. Since the equilibrium solubility
is a function of the free oxalate concentration, consideration of
this stoichiometric consumption is necessary to control the solu-
bility during precipitation. The amount of Np*“ in solution at
post precipitation conditions is dictated by the equilibrium solu-
bility.

The instantaneous mixed condition (IMC) merely provides a
quantitative measurement of the total amount of Np present in Pl
before precipitation occurs. Therefore, the analysis of the IMC
for Pl assumes (MNP)RXN 0 in Equation 34.

At steady-state conditions, Equations 33 and 30 reduce to the

following:
SS L] 3 - +4
V3 [Bl3 + VglBlg = 2 vy [N "]
, ) (81, = 2LP13 Vs 8_ s Ny i
Vip * Vg * V3
u S8 . . . +4 .
Vig [Hlyg + VglBlg + V4Rl + 4[N "71,, V

Ld - -
a + a + V._
VJ Vﬁ 1B

H where V4 V3 + V8 + le

Using these two equations and the solubility parameter,
we find that:

39) [ 9301,¢,0,13 + VglHyCo0,1g - 2 ﬁlB[Np+4]IB] .
Uy + Vg + Vg J
VyglHNO; ] p + Vo [HNO]o + Vo[HNOR] + 4[N_*2] 2
[Rs)Pl 1B 3718 8 ? 8 : 3 . 373 p 1B
i V3 + Vg + Vi

=)




Material Balance for [CgHgOgl in the primary precipitator

Let A CgHgOg

HE

5§ L N L. ’ d(MA)P].
40) Myl - L + ( S

A)gen dt

. . - - d(V[A] ]P]_
£1) ¥ ‘R[A]lB + V3{A]3 + VB [AIS - V4[A]4 =
o " dt
v - = [ -
Assume: (MA}gen = {A]a = [A]Pl =0
42) ¥y nlAlyg + V4lAly - 7, (Al vy, L1k
+ - =
1B 1B 3 3 4 Pl Pl at
Performing the same mathematical excercises for Equation (42) as
for Equation (3) one finds:
- . . .
v, [A},, + V,[a) -fv, t .\
u'-l3) [A}Pl = ].B. ].B - 3 - 3-| - [1 . exp /,l:, 7\
.88 ‘.7111 {A]I‘R +{"4 [A]Q-‘ N L . . r3
&4) [A]Pl = ke — d Z{:; steady-state concentration of
L Vig + Vg + Vg J ascorbic acid
The results of these calculations are shown in Figure 10.




